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REVI EW OF THE TORTUGAS PI NK SHRI MP FI SHERY
FROM MAY 1984 TO DECEMBER 1985

ABSTRACT

Commercial pink shrinp fishing data fromthe Tortugas fishery were
reviewed for biological year 1984 (May 1984-April 1985) and the first
8 nonths of biological year 1985 (My 1984 Decenmber 1985), Pink
shrinp Iandings were just over 11.0 mllion pounds in biological year
1984 with 17,000 days of fishing expended., This conputed to a CPUE
val ue of 643 pounds per day..-Pink shrinp landings for biological year
1985 are estimated to be around 9 mllion pounds with 15 000 days of
fishing expended. The predicted CPUE value for 1985 should be around
600 pounds per day.

Bi ol ogi cal year 1984 experienced two extended periods of pink
shrinp recruitnment into the Tortugas fishing grounds. Spring recruit-
nent was from May through July, with winter recruitment running from
January through April. Only Septenber has shown any abundance of
smal | recruiting pink shrinp so far during biological year 1985.

The Tortugas sanctuary had a positive inpact on the Tortugas, pink
shrinp fishery during the 1984 fishing year. Large nunbers of snal
shrinp were caught during biological year 1984 when part of the sanc-
tuary was opened to fishing. Once this area was again closed to
fishing, mostly larger sized shrinp were caught., It is therefore our

conclusion that the Tortugas sanctuary has met the objectives of the
GQul f of Mexico Shrinp Fishery Management Plan to protect small shrinp
and thus increase the yield in the Tortugas pink shrinp fishery.



| NTRODUCTI ON

The Gulf of Mexico Shrinmp Fishery Managenent Plan established
an area comonly known as the Tortugas shrinp sanctuary off south
Florida in My 1981 (Fig. 1). The concept of the Qulf of Mexico
Fi shery Management Council in establishing the sanctuary was to pro-
tect small, undersized shrinp frombeing fished and to increase and
optimze the overall poundage yield fromthe fishery. This decision
was based on scientific evidence that showed the sanctuary area to be
the nursery ground for the Tortugas stocks of the pink shrinp Penaeus
duorarum and that the poundage yield of offshore pink shrinp would be

greater if harvest was delayed until shrinp were larger than m nimum
legal size in Florida (69 tails per pound) (Lindner, 1965; Berry,
1970). Since May 1981, the whole sanctuary has been closed to
traming, with the exception of a small region locally known as the
"toe area", which was reopened for a brief period (April 1983 through
August 1984) to evaluate the effects (Klim and Patella, 1986).

Thi s paper reviews the characteristics of the Tortugas fishery
fromMy 1984 to December 1985 and conpares results with historica
data. Deviations fromhistorical averages are discussed in |ight
of the established sanctuary. Current trends with regards to the
Tortugas fishery also are discussed

METHCDS

Fishery Data Statistics

Col I ections of detailed catch statistics describing the Qulf of
Mexico shrinp fishery in United States waters since 1956 are conpiled
by and available fromthe Southeast Fisheries Center (SEFC)/COffice of
Econom cs and Statistics (ESQ. The procedures used to collect them
have been described by Klima (1980). These statistics were used in
this report to determne the effects of the Tortugas shrinp sanctuary
on the fishery. Catch and effort statistics were grouped and anal yzed




by biological year (M through April) for ease of conparing new data
with historical data presented in the report. The statistics con-
sisted of catch, recorded as pounds of decapitated shrinp: fishing
effort, recorded as 24 hours of actual fishing time: and size com
position of catch, expressed in eight "count" or size categories
representing nunber of shrinp per pound with heads off (<15, 15-20,
21-25, 26-30, 31-40, 41-50, 51-67 and >68)

Cal cul ations utilizing these three statistics were conducted in
the following manner. The weighted average nunmber of shrinp per pound
was cal cul ated by multiplying the pounds |anded in each size category
by the respective average count. Catch and effort data were used to
conpile catch per unit effort (CPUE) information, which was expressed
as pounds per 24 hours of fishing

Fishery effort values for 1980 were only crude estimtes due to
maj or changes in recording formats. This problemwas rectified in
1981, so that fishery effort measurenment procedures were identical for
the entire data set (1960 through 1984), with the exception of 1980.
Therefore, effort values for 1980 were not incorporated into any anal-
yses or depicted on any figures

Statistical Tests

Catch data exhibited skewed distributions, showed heteroscedasti -
city and had non-additive conponents. Transformations were thus
applied to the original data to alleviate these problems and permt
valid statistical analysis enploying T-tests (Sokal and Rohlf, 1981).
Taylor's (1961) test analyzing relationships between neans and vari -
ances showed that pink shrinp catch and effort data should be trans-
formed logarithmcally and CPUE data should be transformed by the
inverse of the square root. The analysis of these transforned data
provided statistical support to what one could visually determne for
the untransformed data. Tests of significance were perforned at the
95% | evel of confidence (Sokal and Rohlf, 1981). All summaries of
data are presented with untransforned data.




RESULTS

Landi ngs
Annual | andings by biological year, My 1960 to April 1984, in

statistical subareas 1 through 3, have averaged approximately 9.8
mllion pounds yearly (Fig. 2). Pounds |anded have fluctuated from
a high of 13.4 mllion pounds in 1960 to a low of 6.9 mllion pounds
in 1983. Yet, even with this 6.5 mllion pound range, the fishery has
remained relatively stable throughout this 25 year period. The
standard deviation around the historical nmean was only + 1.7 mllion
pounds per year, with a value of 18% for the coefficient of variation
Onl'y during biological years 1960, 1965, 1971, 1982 and 1983 have
yearly landings fallen outside one standard deviation of the nean
During biological year 1984, over 11 mllion pounds of pink shrinp
were landed from statistical subareas 1 through 3 (Fig. 2). This
val ue was above the historical mean of 9.8 mllion pounds, but stil
within standard deviation of the mean

Al though annual landings for all three statistical subareas com
bi ned has remained relatively stable over the past 25 years, there has
been some changes noted in the different subareas. Landings have
al ways been greatest from subarea 2 (Fig. 3). However, during the
past 25 years, annual landings from subarea- 2 have decreased froma
high of 92%of total |andings during the 1960 through 1971 period to a
| ow of only 64%of total |andings during the 1976 through 1979 period.
Since the 1981 closure went into effect, the annual percentage of
total |andings caught from subarea 2 has fluctuated froma val ue of
79% of total landings in 1981 to a value of 86%of total |andings in
1983. During biological year 1984, the value was 65% The nean val ue
of pounds taken from subarea 2 during the past 25 years was 8.2
mllion pounds per year, with a standard deviation of + 1.8 mllion
pounds per year (Fig, 4). The coefficient of variation was 22%  The
decrease in percentage of total |andings noted from subarea 2 over the
past 25 years has been conpensated for by an increase in percentage of



total landings fromboth subarea 1 and subarea 3. Landings from sub-
area 1 have shown only a slight increase since 1976 (Fig. 3). Subarea
3, on the other hand, has shown major changes (Fig. 5). Landings in
subarea 3 have increased froma low of 7%of total landings in 1960,
to a high of around 33%of total |andings during the [ate 1970's.
Since the 1981 closure, the percentage of the total |anding taken
from subarea 3 has been around 13% During biological year 1984, the
value had increased to 26% The average poundage taken from subarea
3 during the past 25 years was 1.3 mllion pounds with a standard
deviation of 1.1 mllion pounds (Fig. 5). The coefficient of
variation was 82%

The nonthly pattern of shrinp landings in biological year 1984 and
the first 8 nonths of biological year 1985 (May 1985 through Decenber
1985) were compared with historical monthly averages (Fig. 6). During
bi ol ogi cal year 1984, My through July catches were greater than
average. However, only June and July were significantly different
than their historical counterparts. This pattern ended with August
when |ower than average |andings occurred, and continued through
Novenber. None of the poundage val ues for these four months were
significantly bel ow the average historical landing value for that par-
ticular month. Peak shrinp landings occurred during Decenber and
January. However, |andings were significantly greater than average
only during Decenber. Pounds |anded varied little fromnonthly
historical averages during the latter months of biological year 1984
and the early nonths of biological year 1985. September 1985 showed a
greater than average pounds |anded val ue, but the |ast three recorded
nonths for biological year 1985 were bel ow average. None of the poun-
dage val ues for these four nonths were significantly different than
their respective historical average



Fishing Effort

Fishing effort by biological year, My 1960 to April 1984, in
statistical subareas 1 through 3 has averaged 16,000 days per year
with a standard deviation of + 2,300 days per year (Fig. 7). The
coefficient of variation was 14% The small standard deviation and
| ow coefficient of variation are good indicators of the stability of
this fishery. Even so, effort has fluctuated froma high of 22,000
days expended in 1960 to a low of only 11,000 days fished in 1979.
Fishing effort reported for biological year 1984 was about 17,000
days, which is above average, but still wthin one standard deviation
of the historical nean.

Effort expended in subarea 2 has decreased over the past 25 years,
froma value of 96%of total effort in biological year 1961, to a
val ue of 69% of total effort during biological year 1984 (Fig. 8).
Even with this noted decrease in effort, a standard deviation of only
+ 2,800 days was determned for a historical average effort of 14,000
days in subarea 2. This conputed to a coefficient of variation of
20% Effort expended in subarea 3 has risen from val ues around 3% of
total effort in the early 1960's to val ues around 30% of total effort
inthe mdto late 1970's (Fig. 9). After the closure in 1981, val ues
declined slightly, with a value of 24%of total effort being obtained
during biological year 1984 from subarea 3. The historical average
effort expended in subarea 3 has been around 2,000 days, with a stan-
dard deviation of about + 1,500 days. The coefficient of variation
was 75%

The nonthly pattern of fishing effort in biological year 1984 and
the first 8 nonths of biological year 1985 were conpared with histori-
cal nonthly averages (Fig. 10). Above average fishing effort values
were noted during the early nonths of biological year 1984. However
only effort values fromJune and July were significantly greater than
their respective historical averages. Effort values fell below
average during the Cctober through Decenber period of biological year
1984, but none of these values were significantly bel ow average.




During the remainder of biological year 1984 and the first four nonths
of biological year 1985, effort expended during each month fluctuated
only slightly around their respective historical nean value. The

Sept ember 1985 effort value was significantly greater than the
historical average for that month. Cctober through Decenber effort
val ues were all bel ow average, but not significantly bel ow.

Rel ative Abundance

The relative abundance of pink shrinp, as expressed by catch per
unit effort (CRUE), is reported as pounds caught during a 24 hour
fishing day (pounds per day). The annual CPUE at the Tortugas fishing
grounds has been a very stable paraneter over the last 25 years. CPUE
val ues have averaged a little over 600 pounds per day with a standard
deviation of around 80 pounds per day (Fig. 11). This has resulted in
a coefficient of variation value of 13% The highest historical CPUE
was close to 800 pounds per day during biological year 1981 and the
| owest CPUE was 505 pounds per day, which occurred during biol ogica
years 1982 and 1983. The annual CPUE val ue during biol ogical year ,
1984 was a little higher than average at 643 pounds per day.

CPUE val ues from subarea 2 (Fig. 12) and subarea 3 (Fig. 13) have
both been remarkably stable over the past 25 years. The historica
average at subarea 2 was 590 pounds per day with a standard deviation
of + 80 pounds per day (coefficient of variation was 14%. Sinlar
results were found at subarea 3 with a historical average of 608
pounds per day and a standard deviation of + 99 pounds per day
(coefficient of variation was 16%.

Even though annual CPUE val ues for the past 25 years have not
varied considerably, large variations have been noted in monthly CPUE
values (Klima et al., 1986). Thus, a large standard deviation val ue
is found around each nonthly historical mean CPUE value. Mnthly
CPUE val ues for biological year 1984 and the first 8 mths of biolo-
gical year 1985 were conpared with their respective monthly historica
mean value (Fig. 14). Al nonths, except four during biological year




1984, had remarkably simlar CPUE val ues conpared with their histori-
cal average. The exceptions were Septenber and Cctober, with bel ow
average val ues, and May and Decenber, with above average CPUE val ues
However, only May and Decenber differed significantly fromtheir
respective historical average CPUE value. Large standard deviations
during the other two nonths prevented statistical significance of
val ues.

I'n conparing the nonthly CPUE values with the historical data,
we also plotted a ratio of the nonthly CPUE val ues from May 1981
through Decermber 1985 over the historical nonthly CPUE values (Fig.
15). These data showed that for the brief period the toe area was
opened during biological year 1984, CPUE val ues were high in cow
parison to historical values. Fishermen seened to be taking advantage
of the nunerous small shrinp in the area. CPUE values for biologica
year 1984 were again high in conmparison to historical values during
Decenmber and January. Many large shrinp were discovered and caught
on the Tortugas grounds during this period. During the remainder of
bi ol ogi cal year 1984 and the first 8 months of biological year 1985,
nonthly CPUE val ues were near average.

Recr ui t ment

Recruitment of pink shrinp onto the Tortugas fishing grounds
usual Iy occurs during two periods in a calendar year. The first
recruitment takes place from March through May, with a second recruit-
nent from August through Cctober. In the past, the pounds of pink
shrinp landed and the average size of pink shrinp neasured by the size
categories of the ESO have been used as an indicator of recruitnent
on the Tortugas grounds during certain nonths (Klim et al., 1986).
Specifically, if the landings for a selected nonth exceeded the
historical average and if the average weighted nean size for that
nonth was greater than the historical average, the recruitnent was
termed "good" or "better than average" for that nonth (Table 1).
Al though this method showed correlation between good recruitment and



above average landings in sone years, in nost cases it failed to show
any correlation. Either good recruitment with poor catch was noted,

or lack of recruitnment was shown during a year with an outstanding
catch. Take the exanples of biological years 1983 and 1984.  Analysis
of data in Table 1 reveals that recruitment appeared "better than
average" during March through April of biological year 1982 and during
May of biological year 1983. (ne-would have expected an average or
above average catch during biological year 1983. Yet, biological year
1983 had an extrenely |ow poundage of pink shrinp caught. Biologica
year 1984 was above average with regards to pounds of shrinp caught,
but Table 1 reveals only two nonths of recruitment.

Uilization of landing data by size class conposition, as stated
above, is the best method to show recruitrent into the fishery, but
all nonths nust be analyzed to draw correct conclusions fromthe data.
Anal ysis of data may be shown as either percent conposition of each
size class, or just expressed as actual pounds caught by size class.
Wth either method, recruitment is indicated whenever a high percen-
tage of the catch or a large poundage figure is in size class group
number 8 (> 68 tails per pound). However, when using percent con+
position figures to determne recruitment, caution nmust be used in
interpretation of results. Data expressed as percent conposition by
size classes nust not only be carefully co-elated with actual pounds
caught to determne intensity of recruitment, but it nust also be
checked to determne if recruitment was masked by high percentage
values in other size classes

According to analysis by percent conposition of each size class,
the Tortugas fishery seemed to have experienced some type of recruit-
nment in biological year 1984 during May, June, July, and possibly
August and April (Fig. 16). Thus, according to this analysis, peak
spring recruitnent was del ayed and winter recruitment was absent in
biol ogical year 1984. Only Septenber has shown strong recruitnent
thus far in biological year 1985.

Periods where recruitnment has occurred were easily observed when



anal ysi s was performed by actual pounds caught for a given size class
(Fig. 17). Recruitnent periods in biological year 1984 where My
through July and January through April. Note that the recruitnent
shown to occur with this analysis during the late winter nonths was
masked in the percent conposition analysis by the great percentage
values in large size classes. The only recruitment that has occurred
thus far in biological year 1985 seenms to be in September and maybe
Cct ober .

Pounds caught for a given size class were next anal yzed by each
subarea separately. Subarea 1 contributed minor recruitment to the
Tortugas fishery (Fig. 18). Small inpulses of recruitment were noted
in My and February through April during-biological year 1984. In
subarea 3, no periods of recruitnment were noted (Fig. 19). The
majority of the recruitment of shrinp onto the Tortugas grounds was
from subarea 2 (Fig. 20). Mjor periods of recruitment were noted
during May through July and January through April in biolcgical year
1984 and in May and Septenber of biological year 1985. Periods of
mnor recruitment werenoted during COctober through Decenber in biolo-
gical year 1984 and during Cctober in biological year 1985

Size
The size of shrinp landed may be used to identify change that may
have occurred due to fishing. [If the management neasure of prohi-
biting trawing in the sanctuary was effective and restricted the cap-
ture of small shrinmp, we would expect the size of shrinp to increase
and therefore be different than the historical average sizes. During
the first four nonths of biological year 1984, part of the Tortugas
sanctuary (the toe area) was opened to fishing for conparative pur-
poses (Kiima and Patella, 1986). This allowed fisherman to catch some
shrinp that woul d have been protected by the sanctuary under normal
circunstances. During the period this area was opened to fishing,
many small shrinp were caught (Table 2). Once this area was closed

again, mean nunber of shrinp per pound decreased abruptly. Thus,
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smal | shrinmp (50-60 count) were caught in great abundance from My
through August of biological year 1984, while larger sized shrinp
(35-45 count) were caught thereafter (Fig. 21). Many small shrinp
al so were caught in Septenber 1985, when they moved onto the grounds
from the sanctuary during normal recruitment mgration

DI SCUSSI ON

The Tortugas fishery has been very stable over the past 25 years.
Eval uation of annual historical data showed very |ow coefficient of
variation values for |andings (18%, fishing effort (14%, and CPUE (13%.
The fishery is bounded naturally by untraw abl e bottoms of |oggerhead
sponges and coral reefs where pink shrinp are protected fromtrawing
activities, even though they may be present in high concentrations. This
| arge area of untraw able bottom surrounding the fishery grounds may be one
reason why this fishery has been so stable since 1960.
During biological year 1984, all three catch statistic values were
above their respective historical average. Pounds of shrinp |anded were
around 11.0 million pounds, with a fishing effort value of about 17,000
days. This conputed to a CPUE value of 643 pounds per day fished. Even
though each of the three catch statistics was above average, none were
significantly above average. As shown in previous years, nost pink shrinp
were caught in relatively shallow water (Fig. 22).

Annual |andings and fishing effort values were both highest from
subarea 2, when all three subareas were eval uated separately. It appeared
fromthe data that during biological year 1984 and the first 8 nonths of
bi ol ogi cal year 1985, only large shrinp were taken in subarea 3 (Fig. 19),
and only newy recruited small shrinp were caught in subarea 1 (Fig. 18).
Smal | shrinp mgrate onto the fishery fromthe east and move first into
fishable areas of subarea 1 and subarea 2 (Gtschlag, 1986). If these
shrinp are not quickly caught as they enter the fishery, mgration wll
take some shrinp size classes northward into subarea 3 (Gtschlag, 1986).
This might explain why high production Ievels in subarea 3 occur nostly
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during years of peak shrinp abundance (Fig. 3). If overall shrinp recruit-
ment is lowto noderate, then most shrinp would be caught in subarea 2
where they concentrate before some nove into subarea 3. If shrinp recruit-
ment is above average for a given year, then high enough concentrations of
shrinp, to make it worth the effort to catch them nove into subarea 3.

Thi s phenomenon is al so supported fromdata gathered over a shorter
tine frane than a year. During Novenber 1984, 40-60 count shrinp began to
move into subarea 2 (Little'). These shrinp were probably fromthe early
spring recruitment of shrinp that had stayed inside the sanctuary |ine
until Novenber (Klima and Patella, 1986). Al though these shrinp were
fished upon in subarea 2 during the last 'few weeks of November through the
first week or two of January (Fig. 20), enough shrinp moved northward into
subarea 3 to provide a suitable concentration to be fished upon during
Decenber and January (Fig. 19)

The of fshore pink shrinp fishery discussed thus far is directly depen-
dent on young shrinp mgrating in large nunbers fromnursery areas onto the
fishing grounds. If these small shrinp are caught early, maxinmumyield
in the fishery is not attained. The permanent closure of the Tortugas
sanctuary was established in May 1981 to prevent the capture of these-smal
shrinp in the nursery areas and thus maximze the yield. As stated
earlier, the whole sanctuary has been closed to trawing since that tine,
with the exception of the toe area, which was reopened for a brief period
(April 1983 through August 1984) to evaluate the effects. A report by
Klima and Patella (1986) showed an increase in the nunber of small shrinp
caught during the period the toe area was opened. Wth the reclosure of
the entire santuary to shrinping activities, size ratio values (average
nmonthly size divided by historical nonthly size) have again decreased (Fig.
23).  Small shrinp being recruited to the offshore fishery were rapidly

'Edward J. Little, Jr., Personnel Communication, National Marine
Fisheries Service, Ofice and Custom House Bldg.; P. 0. Box 269, Key
West, FL 33040
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harvested when the toe area was opened, but small shrinp were able to
increase in size and then enter the fishery when the toe area was closed
(Table 2). Thus, the overall objectives of the closure, to increase the
size and optimze the yield of the shrinp moving onto the fishing grounds
by preventing the capture of small shrinmp in the nursery areas, seens to
have been net with the Tortugas sanctuary.

Vessel homeport statistics were analyzed for biological year 1984
(Table 3). During summer and fall months (July through Navetier) the
Tortugas fleet was conposed mainly of vessels fromFlorida and the East
Coast. Vessels fromnost other Qulf coast states were fishing off Texas or
Loui siana during this period (Klim et al., 1985). Wen pink shrinp con-
centrations on the Tortugas grounds increased during the winter and spring
nmonths (December through April), the Tortugas fleet conposition was mainly
formed of vessels fromthree states. Mst of the vessels were from
Florida, but vessels from Al abama and Texas increased in nunbers.

Illegal trawing inside the Tortugas sanctuary continued to be a
probl em during biological year 1984. A though only 22 boats were ticketed
during cal endar year 1985 (Perry Alen’ Dale Qi ck3) nonconpl i ance was
believed by fishermen to be high. Crude guesstimtes of nonconpliance
range from 30 to 50 percent. However, Perry Allen® inforned us that
enforcement patrols conducted from Cctober 1984 through March 1985 indi -
cated only one suspected violation per every eight hours of observation
and for every 17 hours of patrol , one citation was issued. Therefore, the
nonconpl i ance as preceived by the fishernen does not appear to be exces-
sively high. Further, in the latter part of 1985 a new enforcement vessel
came on line and M. Allen believes that violations have decreased appre-
ciably with the increased enforcement capability. Goviously, violations

2Perry Allen, Personal Communication,Southeast Regional COffice, Law
Enforcemmt Goup, 9450 Koger Blvd., St. Petersburg, FL 33702.

3Dal e Quick, Personal Communication, Florida State Enforcement Office,
Tal | ahassee, FL 32301.
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did occur and may inpact the effectiveness of the management neasure, but
they are less than that perceived by some fishermen.

Above average, but late spring recruitment (My through July) and con-
tinued recruitment during the winter and spring nonths (Decenber through
April) of biological year 1984 resulted in an above average catch of pink
shrimp.  The outl ook for biological year 1985 is difficult to determne.
Al though spring recruitment into the fishery was goad, three tropical
cyclones, during the sumrer and fall months, disrupted fishing somewhat.
Fal | recruitment was extremely poor, with only the month of Septenber
show ng any concentrations. Thus, unless good recruitment was experienced
during the winter nonths, biological year 1985 may be bel ow average in
poundage of pink shrinp |anded.
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SUMVARY

Commercial pink shrinp landings fromthe Tortugas fishery (statistica
subareas 1 through 3) have been relatively stable for the past 25

years.  Average catch has been 9.8 mllion pounds per year with a stan-
dard deviation of + 1.7 mllion pounds per year. Pink shrinp |andings
during biological year 1984 were just over 11.0 mllion pounds. During
the first 8 months of biological year 1985 (May through Decenber),
4,562,854 pounds were landed. This value represents a 19% decrease
when conpared to the first 8 months of biological year 1984, which had
5,662,331 pounds |anded

Fishing effort for pink shrinp on the Tortugas grounds have averaged
16,000 days annually for the past 25 years with a standard deviation of
+ 2,300 days. During biological year 1984, 17,000 days of fishing were
expended in the Tortugas fishery. For the first 8 nonths of biological
year 1985 (May through Decenber), effort was 7,158 days. This val ue
represents a 13% decrease in effort when conpared to the first 8 nonths
of biological year 1985, which had an effort value of 8,271 days.

CPUE (pounds per day fishing) has been the most stable parameter over
the past 25 years at the Tortugas fishing area. The historical average
has been 600 pounds per day with a standard deviation of only + 80
pounds per day. The CPUE value for biological year 1984 was 643 pounds
per day. During the first 8 nonths of biological year 1985 ( My
through Decenber), CPUE was 638 pounds par day. This value represents
a decrease of only 7% when conpared to a value of 685 pounds per day
for the first 8 nonths of biological year 1984.

Two extended periods of recruitnment of small pink shrinp into the
Tortugas fishing grounds were noted during biological year 1984.
Spring recruitment was from May through July, with winter recruitnent
running from January through April
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Peak shrinp production was noted during Decenber 1984 and January 1985.
Almost 4 million pounds of large shrinp were caught in this 2 month
period during biological year 1984

The area |ocally known as the toe, which was opened to fishing in

April 1983, was closed again in August 1984. Thus, for four nonths
during biological year 1984, fishing was conducted in this prim area.
Size ratio conparisons showed that many small shrinp were caught when
the toe area was opened, but nostly larger shrinp were caught when the
area was closed. Alowng fishing in the toe area defeated the purpose
of the Tortugas sanctuary,. because small recruiting shrinp were caught
before they coul d grow and enter the offshore fishery at a larger size.
Maximumyield in the fishery can not be achieved if the toe area is
fished.

Illegal trawing inside the Tortugas sanctuary was still viewed as a
probl em during biological year 1984. Mst ticketed boats were found
fishing in the toe area of the Sanctuary. A greater yield in the
fishery could be gained if this activity was curtailed.

During biological year 1984 the Tortugas sanctuary had a positive im
pact on the Tortugas fishery. Larger nunbers of smaller count shrinp
(larger shrinp) were caught during biological year 1984, when conpared
to the historical average/ once the toe area was closed to fishing.

The nonthly average shrinp size was |arger, when conpared to historica
monthly shrinp size, for all nonths except September 1985. This indi-
cates that the closure restricts the capture of small shrinp.

V% conclude that the Tortugas closure has met the objectives of the

GQul f of Mexico Shrinp Fishery Managenment Plan to protect small shrinp
and thus increase yield in the Tortugas pink shrinp fishery.
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Table 1. Mnthly index of recruitment on the Tortugas fishery grounds
using average weight, size count and commercial |andings.
A plus indicates better than average recruitnent

Biological Month

Year May Aug Sept Oct Nov Mar Apr

1960 + + + + +
1961 + + + +

1962 + +
1963

1964 + +

1965
1966
1967
1968 +

1969 + +
1970 + .

1971

1972

1973 +

1974

1975 + .

1976 +
1977 + +
1978 .+ :

1979 + +

1980 + ¥ +
1981 +

1982 + ' + +
1983 + +
1984 + ’ +

1985 + no data

+ +
+
+
+

/§



Table 2. Mnthly average weighted nunber of pink shrinp per pound for 1960- 79,
1981, 1982, 1983, 1984 and 1985 (+ indicates larger size group and -
indicates smaller size group than historical average: bracketed por-
tion indicates open fishing in toe of the boot).

1960-1979 1981 1982
Average Standard Average Average
Menths Number/lb Deviation Number/lb Number/1b
May 46.8 5.1 57.4 + 48,4 +
June 45,2 4,5 52.7 + 45,7 +
July 44.0 4,7 44,2 + 36.6 -
August ‘ 44,0 7.7 38.9 - 55.0 +
September 48,7 7.9 47,5 - 49,0 +
October - 47.9 4.8 41.4 - ‘ 43,3 -
November 43,1 3.3 36.4 - 41.3 -
December 40.2 2.8 34.9 - 39.3 -
January 40,2 3.1 35.6 = 43,6 +
February 42,7 3.1 42.1 - 48.0 +
March - 47,5 4.4 46.8 - 57.5 +
April 48.3 5.8 49.8 + fEh.l I]
1983 1584 ' 11985
Average Average Average
Months Number/1b Number/1b Number/1b
May 56.8 + 55.9 + 42.4 -
June 50.2 + 53.1 + 42,1 -
July 58.0 + 55.0 + 42,1 -
August 49.6 + 46,9 + 33,5 -
September 4.2 - 36.9 -~ 55.3 +
October 44,0 - ‘ 45.8 - ‘ 45.9 -
November 36,6 - 41.0 - : 33.0 -
December 36,1 - 35.2 ~ 35.6 -
January 49.4 + 38.0 -
February 48,1 + 39.8 -
March 58.7 + 40.5 ~
April 60.5 + 4.2 -

2



Table 3.  Hone port breakdown of Tortugas fishing fleet by percentage during
bi ol ogi cal year 1984.

Home Port M J J A S O N D J P M A
Florida 69 73 79 80 84 85 84 76 70 67 66 69
Alabama 6 2 5 0 2 2 3 2 6 9 11 11
Mississippi o o o o o o o0 o o0 0 o0 o
Louisiana 1 0 1 1 1 1 0 1 1 1 1 1
Texas 7 1 3 2 3 2 10 9 110 10 9
East Coast 4 4 1 4 4 3 3 3 3 4 2 3

Unknown 13 14 13 12 7 6 8 g8 11 9 10 7
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Map of the Tortugas fishing grounds and statistical subareas.

Annual pink shrinp landings fromthe Tortugas grounds
(statistical subareas 1 through 3) for biological years
1960 through 1984. Solid line is the historical mean
and each broken line is one standard deviation fromthe
mean.

Cunul ative landings of pink shrinp [anded (subareas 1 through
3) for biological years 1960 through 1984

Annual pink shrinmp landings (subarea 2) for biolcgical years
1960 through 1984. Solid line is the historical mean

Annual pink shrinp landings, from (subarea 3) for biologica
years 1960 through 1984. Solid line is the historical mean

Average monthly historical catch conpared to the catch from
May 1984 through Decenmber 1985 taken on the Tortugas grounds
(subareas 1 through 3).

Pink shrinp fishery effort on the Tortugas grounds (subareas
1 through 3) for biological years 1960 through 1984. Solid
line is the mean fishing effort and each broken line is one
standard deviation from the mean

Pink shrinp fishing effort (subarea 2) for biological years
1960 through 1984. Solid line is the historical mean val ue.

Pink shrinp fishing effort (subarea 3) for biological years
1960 through 1984. Solid line is the historical nean val ue.
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Figure

Figure

Figure

Figure
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Figure

Figure

Figure

Figure

10.

11.

12.

13.

14

15.

16.

17.

18.

Average monthly historical effort conpared to the monthly
efforts for May 1984 through Decenber 1985 fromthe Tortugas
grounds.

Catch per unit effort (CPUE) for biological years 1960 through
1984 (subareas 1 through 3). Solid line is the historical mean
and each broken line is one standard deviation fromthe nean

Pink shrinp CPUE (subarea 2) for biological years 1960 through
1984. Solid line is the historical nean value

Pink shrinp CPUE (subarea 3) for biological years 1960 through
1984, Solid line is the historical nean value

Average monthly historical CPUE val ues conpared to the nonthly
CPUE val ues for My 1984 through Decenmber 1985 fromthe
Tortugas grounds.

Ratios of monthly CPUE val ues from May 1981 through Decenber
1985 conpared with nonthly historical CPUE val ues (1960 through
1979).

Percent conposition of nonthly pink shrinp size classes from
the Tortugas fishery for May 1984 through December 1985.

Total nonthly catch by size classes fromthe Tortugas fishery
(subareas 1 through 3) for May 1984 through Decenber 1985.

Total nonthly catch by size classes (subarea 1) for My 1984
through December 1985
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Figure 19

Figure 20

Figure 21

Figure 22

Figure 23

Total monthly catch by size classes (subarea 3) for May 1984
through Decenmber 1985

Total monthly catch by size classes (subarea 2) for My 1984
through December 1985

Mean nunber of pink shrinp per pound for a given month. Period
covers biological year 1984 through the first 8 nonths of
bi ol ogi cal year 1985

Pink shrinp catch by fathom zones for each statistical subarea
(1 through 3) by month (May 1984 through Decenmber 1985).

Ratios of monthly mean nunber of pink shrinp per pound from My

1981 through Decenmber 1985 to monthly historical mean nunber of
pink shrinp per pound for 1960 through 1979.
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Map of the Tortugas fishing grounds and statistical subareas.
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Cumulative landings of pink shrimp landed (subareas 1 through
3) for biological years 1960 through 1984.
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Figure 13. Pink shrimp CPUE (subarea 3) for biological years 1960 through
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Figure 15. Ratios of monthly CPUE values from May 1981 through December

1985 compared with monthly historical CPUE values (1960) through
1979).
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Figure 16. Percent composition of monthly pink shrimp size classes from

the Tortugas fishery for May 1984 through December 1985.
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Figure 17. Total monthly catch by size classes from the Tortugas fishery

(subareas 1 through 3) for May 1984 through December 1985.
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Figure .18, Total monthly catch by size classes (subarea 1) for May 1984
through December 1985,
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Figure 20. Total monthly catch by size classes (subarea 2) for May 1984
through December 1985.
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biological year 1985.
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Figure 23. Ratios of monthly mean number of pink shrimp per pound from May
1981 through December 1985 to monthly historical mean number of

pink shrimp per pound for 1960 through 1979.
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